SPECIFICATION 



METAL LAMINATE 



TECHNICAL FIELD 

The present invention relates to a metal laminate and a 
resin composition for a polyimide /metal laminate which are 
superior in low-temperature adhesiveness and also solder heat 
resistance . 

RELATED BACKGROUND ART 

Polyimides are superior in heat resistance, chemical 
resistance, mechanical strength and electric characteristics 
and therefore have main applications as heat-resistant 
adhesives used not only in aeronautical fields in which heat 
resistance is demanded but also in electronics fields such as 
flexible print substrates, semiconductor packages and the 
like . 

Recently, characteristics such as low-temperature 
adhesiveness in addition to heat resistance have come to be 
demanded of polyimide type heat-resistant adhesives from the 
viewpoint of the convenience in processing. 

A resin composition comprising a polyimide resin having 
a siloxane unit, an epoxy resin and a phosphate type plasticizer 
is reported as a resin superior in low-temperature adhesiveness 
in Japanese Patent Laid-Open Publication No. 212468/1998. In 
this case, however, all of these components, namely, the 
polyimide resin, the epoxy resin and the plasticizer contain 
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aliphatic units and therefore heat decomposition temperature 
is lowered, thereby causing problems concerning the heat 
resistance . 

On the other hand, as resins having satisfactory adhesive 
strength and heat resistance, those constituted of a specific 
polyamic acid and bismaleimide compound have been developed as 
disclosed in, for instance, Japanese Patent Laid-open 
Publication No. 289862/1989, Japanese Patent Laid-open 
Publication No. 145638/1994 and Japanese Patent Laid-open 
Publication No. 192639/1994. However, some of these resins, 
require temperatures of 300°C or more to be used as an adhesive 

„„ resins are unsatisfactory from the 

and therefore, many of the resins arts u 

viewpoint of low-temperature adhesiveness. Also, the 
applications of these resins are limited to the production of 
films as is found in the Patent publications. 

On the other hand, a lead-free solder has come to be used 
for packaging of electronic parts from the viewpoint of 
environmental safeguard and therefore a polyimide/metal 
laminate plate superior in solder heat resistance is being 
desired in the packaging process of chips and parts and also 
in processes, called "repair", for dismounting chips and parts . 
Also, in applications such as those called rigid flex or 
flexible multilayer substrates, it begins to be pointed out 
that the solder heat-resistant temperature, which has been 
conventionally required, is insufficient to achieve a 
sufficient reliability, and heat resistance at higher 
temperatures has come to be desired. In the case of using a 
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m etal laminate for a chip-on-f ilm (hereinafter abbreviated as 
C0F if necessary, , an inner lead bonder or a flip chip bonder 

b ond at temperatures as high as 300°C or more. Therefore, base 
materials superior in soider heat resistance are desired in 
cases they are used for COFs, too. 

As a COP base materia!, non-thermoplastic polyimides are 
privily used at present and polype/metal laminate plates 
obtained by sputtering a metal onto a polyimide film have been 
used <see Japanese Patent Laid-open Publication No. 
070762/1995, . However, in the case of using the sputtering 
method, the yield tends to be decreased by the pinholes in the 
metal layer and a polyimide/metal laminate plate having no 
pinholes has been therefore desired. 

SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 
re sin composition for polyimide laminate having superb 
low-temperature adhesiveness. 

Other objects of the present invention are to provide a 
polyimide/metal laminate plate which is superior in solder heat 
resistance and is free of pinholes and also to provide a 
polyimide/metal laminate plate which hardly generates swelling 
„ h en forming a Au-Sn bond or Au-Au bond which are used for 
lead-free soldering and COF packaging, and is superior rn 

solder heat resistance. 

The inventors had conceived of using a flexible circurt 
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substrate prepared by laminating a rolled copper foil or an 
electrolytic copper foil on a polyimide as a polyimide/metal 
laminate that la free of pinholes. However, the Inventors have 
found that in the case of usln g a polyimide as an adhesive, there 
is a proble. such as foaming depending on the type of polyimrde. 
The inventors have made studies concerning this point and, as 
a result, found that lo„-temperature adhesiveness and solder 
Heat resistance of the laminate are improved and also the above 
problem can be solved by compounding a specific bismaleimide 
compound with a polyamic acid and/or a polyimide, to complete 

the present invention. 

Accordingly, the present invention is as shown below. 
,1) A metal laminate comprising a layer of a ream 
composition prepared by compounding a bismaleimide compound 
represented by the following formula (1) in . polyamic acrd 
and/or a polyimide and a layer of metal foil, wherein the layer 
of the resin composition is formed on at least one surface of 
the metal foil layer: 



( 1 ) 








p 


— 


R1 






m 




herein m denotes an integer of 0 or more, each X independently 
represents 0, S0 2 , S, CO, CH, C«CH3, 2 , C<CF 3 , 2 or a direct bond, 
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each Bl independent!, represents a hydrogen atom, a halogen 
atom or a hydrocarbon group and is independent of any other 
as to the substitution position on the benzene ring. 

(2) The metal laminate according to (1), wherein the 
me tal laminate has a structure in which the layer of the resin 
composition is formed on one surface or both surfaces of one 
or more polyimide films and a metal foil layer is formed on one 
surface or both surfaces of the layer of resin composition. 

(3) The metal laminate according to (1). "herein the 
polyamic acid and/or the polyimide have repeat structural units 
presented by the following formula ,2, and/or formula ,3) 
respectively: 




0 0 

HO-A-N- 
0 0 H 



( 2 ) 
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represents O, S0 2 , S, CO, CH 2 , C(CH 3 ) 2 , C(CF 3 ) 2 or a direct bond, 
A represents a tetravalent organic group and each R2 
independently represents a hydrogen atom, a halogen atom or a 
hydrocarbon group and is independent of any other R2 as to the 
substitution position on the benzene ring. 

(4) The metal laminate according to (3), wherein the 
tetravalent organic group represented by A is selected from the 
organic groups represented by the following formulae (4): 






( 4 ) 



wherein Z represents 0, S0 2 , S, CO, CH 2 , C(CH 3 ) 2 , C(CF 3 ) 2 or a 
direct bond. 

(5) A resin composition for polyimide/metal laminate 
obtainable compounding a bismaleimide compound represented by 
the following formula (1) in a polyamic acid and/or a polyimide: 




( 1 ) 



wherein m denotes an integer of 0 or more, each X independently 
represents 0, S0 2 , S, CO, CH 2 , C(CH 3 ) 2 , C(CF 3 ) 2 or a direct bond 
and each Rl independently represents a hydrogen atom, a halogen 
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atom or a hydrocarbon group and is independent of any other Rl 
as to the substitution position on the benzene ring. 



(6) A resin compos 



ition for polyimide/metal laminate 



comprising: 



a b 

formula (1) : 



ismaleimide compound represented by the following 




( 1 ) 



wherein m denotes an integer of 0 or more, each X independently 
represents 0, S0 2 , S, CO, CH 2 , C(CH 3 ) 2 , C(CF3) 2 or a direct bond 
and each Rl independently represents a hydrogen atom, a halogen 
atom or a hydrocarbon group and is independent of any other Rl 
as to the substitution position on a benzene ring; and 
a polyamic acid and/or a polyimide. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be explained below in detail. 
The present invention relates to a resin composition for 
polyimide laminate prepared by compounding a bismaleimide 
compound represented by the following formula (1) in a polyamic 
acid and/or a polyimide: 
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( 1 ) 



■«i-o™»r of 0 or more, each X independently 
wherein m denotes an integer or U or mor , 

represents 0, S0 2 , S. CO, CH 2 , C ( CH 3 . 2 , C ( CF 3 > 2 or a direct bond 
and each Rl independently represents a hydrogen atom, a halogen 
atom or a hydrocarbon group and is independent of any other Rl 
as to the substitution position on the benzene ring, and also 
to a metal laminate comprising a layer of the resin composition 
formed on at least one surface of a metal foil layer. 

in the formula (1), m denotes an integer of 0 or more, 
preferably an integer of from 0 to 6 and more preferably an 
integer of from 0 to 4 . Also, each X independently represents 
0 S0 2 , S. CO, CH 2 , C(CH 3)2 , C(CF 3)2 or a direct bond and rs 
preferably 0. C,CH 3 , 2 or a direct bond. Each Rl independently 
represents a hydrogen atom, a halogen atom or a hydrocarbon 
group and is independent of any other Rl as to the substitution 
position on the benzene ring. The bismaleimide compound rs 
preferably a compound in which at least one X or N has a 
substitution position of ortho or meta to that of another X or 
N that is bonded to the same benzene ring. 

Although no particular limitation is imposed on the 
polyamic acid and/or polyimide used in the present invention, 
the polyamic acid and/or polyimide preferably have repeat 



structural units repre 
formula (3) respectively: 



sented by the following formula (2) and 



R2 _,R2 




R2 R2 \ R2 



0 0 
HN-^/-0H 

HOnf V-n- 

0 0 H 



( 2 ) 



r R2. ^ P- 



I R2. . .R2\ 8 I 



■"y"y" 




( 3 ) 



uhere in n denotes an integer of 0 or .ore. each * independently 
presents O, S0 2 , S, CO, CH 2 , C ( CH 3 , 2 , C ( C F 3> 2 or a direct bond, 
A represents a tetravalent organic group and each R2 
independently represents a hydrogen ate, a haiogen ato m or a 
hydrocarbon group and is independent of any other R2 as to the 
substitution position on the benzene ring. The pciya.ic acrd 

and/or polyi^e B ore preferably have repeat structural unit. 

represented by the following ferula ,5, and/or formula ,6, 

respectively: 
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R2 R2 



R2 




/ R2 v ^R2 \ R2 
0 




R2 y R2 R2 /' R2 



R2 




0 0 
H A 

R2 

0 0 



( 5 ) 





R2 

— £ 




R2 




( 6 ) 



wherein 1 denotes an integer of from 1 to- 7, each R2 
independently represents a hydrogen atom, a halogen atom or a 
hydrocarbon group and is independent of any other R2 as to the 
substitution position on the benzene ring, and two hetero atoms, 
which are the same to each other or different from each other, 
are selected from the group consisting of oxygen atom and 
nitrogen atom and are bonded to the same benzene ring, are 
present at the ortho position or meta position each other in 
at least one benzene ring. A represents a tetravalent organic 
group. The polyamic acid and/or polyimide more preferably have 
repeat structural units represented by the following formula 
(7) and/or formula (8) respectively: 
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0 0 
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"hT V" N „ 



( 7 ) 
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wher ein 1 denotes an integer of fro, 1 to 7, two hetero atoms, 
which are the same to eaoh other or different from eaoh other, 
are seleoted from the group oonsisting of' oxygen atom and 
nitrogen atom and bonded to the same benzene ring, are present 
at the ortho position or .eta position eaoh other in at least 
one benzene ring. A represents a tetravalent organio group. 
The polyamio aoid and/or poiyimide still more preferably have 
repeat struotural units represented by the following formula 
(9) and/or formula (10), respectively: 




0 0 

-An- 

n n -J 



( 9 ) 
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( 10 ) 



wher ein 1 and A have the same meanings as above. 

In the Formulae (2) and (3) , n denotes an integer of 
or more, preferably from 0 to 6 and more preferably fro, 0 to 
4 m the formulae (5, to ,10,, 1 denotes an integer of from 
x'to preferably from 1 to 5 and more preferably from 1 to 
3. Also, each Y independently represents 0, S0 2 , S, CO, CH 2 . 

, j nrpferablv O, CO and C (CH 3 ) 2 
C (CH 3 ) 2, C (CF 3 ) 2 or a direct bond and preferably 

or a direct bond. 

In the formulae (2), (3), (5) and (6), each B2 
independently represents a hydrogen atom, a halogen atom or a 
hyd rooarbon group, is independent of any other *2 as to the 
sub stitution position on the benzene ring. In the formulae ,2, . 
(3) , ,5, and ,6,, it is preferable that at least one Y, . or 
0 has a substitution position of ortho or meta to that of another 
Y N or o that is bonded to the same benzene ring. 

Although there is no particular limitation to the 
tetravalent organic group represented by A in the formulae ,2, 
to ,3, and ,5, to ,10,, specific examples of the organic group 
include tetravalent organic groups selected from the group 
oonsisting of aliphatic groups having 2 to 27 carbon atoms, 
aiicyclic groups, monocyclic aromatic groups, condensed 
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polycycl ic arctic .roups an, non-condensed polycycl.c 
aromatic groups in which aromatic groups are connected ^ 
each other directly or through a crosslink member, 
tetravalent organic group is preferably one of those 
represented by the formulae in (4) below. 






C 4 ) 



o c;o S CO, CH 2 , C(CH 3 ) 2 , C(CF 3 ) 2 or a 
wherein Z represents 0, S0 2 , S, CO, u 

direct bond. 

i,. ni to (3), (5) and (6), examples of the 
In the formulae (1) to (o> , \ > 

halog en ate, represent hy HI or R 2 include a chlorine .t« 
and a fluorine .t-. Espies o £ the hydrocarbon group include 
lQ wer .1*1 groups such as .ethyl group and ethyl group, lower 
alxenyl groups such as vinyl group and allyl group, aralxyl 
gtoup s such as henzyl ,ro„p and phenethyl group, aryl groups 
suoh as phenyl g roup and naphthyl .roup, alxoxy .roups such as 

a „H ethoxv group and alkyl halide groups such as 
methoxy group and ethoxy group 

trifluoromethyl group. 

Specific examples of the bismaleimide compound 
represented by the formula (1) *ay include, thou.h not limited 
to, 1,3-bis (3-maleimidophenoxy) benzene, 
bis (3- (3-maleimidophenoxy) phenyl) ether, 
1, 3-bis (3- ( 3-maleimidophenoxy) phenoxy) benzene, 
bis (3- (3- (3-maleimidophenoxy)phenoxy)phenyl) ether, 
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1 3-bis (3- (3- < 3-maleimidophenoxy) phenoxy) phenoxy) benzene, 
„' N' -p- P henylenebismaleimide. -m-phenylenebismaleimide, 
blsH-maleimidophenyDmethane, N , N - -4 , 4' -diphenyl ether 
bismaleimide, N . «' -3, 4' -diphenyl ether brs.alei.ide, 

N , N . -3, 3' -diphenyl ketone bismaleimide, 
2,2-bis (4- (4-maleimidophenoxy) phenyl) propane, 

2',2-bi S (4-(3-maleimidophenoxy)phenyl)propane, 

4 4 ' -bis ( 3-maleimidophenoxy) biphenyl , 
2 2-bis ,4- ,3-maleimidophenoxy, phenyl. -1,1,1,3.3, 
opropane , bis (4- ( 3-maleimidophenoxy, phenyl ) Ketone , 
bis ,4- ( 3-maleimidophenoxy) phenyl ) sulfide and 
bis (4- ( 3-maleimidophenoxy) phenyl) sulf one . 

Tbese bismaleimide compounds may be produced from each 
corresponding diamine compound and maleic anhydride by a 
condensation and dehydration reaction according to, for 
example, the method described in the publication of OP-A «o. 
4-99764. 

When producing the metal laminate of the present 
invention, the proportion of the bismaleimide compound to be 
expounded in the polyimide, though no particular limitation 
is imposed on it, is preferably from 0.1 to 70% by weight and 
mo re preferably from 0 . 1 to 50% by weight based on the total 
weight of the polyamic acid which is a precursor of the 
polyimide. When the amount of the bismaleimide compound to be 
compounded is less than 0.1% by weight, there is the case where 
the effect of improving solder heat resistance according to the 
aim of the present invention is not much observed, whereas when 
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the amount exceeds 70% by weight, the adhesive strength to the 
metal foil tends to deteriorate. 

Examples of the method of compounding the bismaleimide 
compound in the polyamic acid include, though not limited to, 
(i) a method in which the bismaleimide compound is added to a 
solution of the polyamic acid, (ii) a method in which the 
bismaleimide compound is added when polymerizing the polyamic 
acid, for example, when a diamine compound or a tetracarboxylic 
acid dianhydride is charged or during the course of 
polymerization and (iii) a method in which powder of the 
polyamic acid and the bismaleimide compound are mixed in the 

solid states. 

Also, the polyamic acid may be dehydrated to a 
corresponding polyimide to prepare a polyimide solution, then 
the bismaleimide compound can be compounded in the polyamide 
solution. 

The polyamic acid represented by the formula (2) is one 
obtained by reacting a diamine compound represented by the 
formula (11) : 




( 11 ) 



wherein n, Y and R2 have the same meanings as above; with a 
tetracarboxylic dianhydride represented by the formula (12): 
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A A 

0 0 



wherein A has the same meaning as above. A resin composition 
obtained by dehydrating the resin composition comprising the 
polyamic acid into a corresponding polyimide is also within the 
scope of the present invention. 

Specific examples of the aromatic diamine compound 
represented by the formula (9) may include, though not limited 
to, bis (3- (3-aminophenoxy) phenyl) ether, 
1,3-bis (3- (3-aminophenoxy) phenoxy) benzene, 
bis ( 3- ( 3- ( 3-aminophenoxy) phenoxy) phenyl ) ether, 
1 , 3-bis ( 3- ( 3- ( 3-aminophenoxy ) phenoxy) phenoxy) benzene , 
o-phenylenediamine, p-phenylenediamine, m-phenylenediamine, 
4, 4' -diaminodiphenylmethane, 3, 4' -diaminodiphenylmethane, 
3,3'-diaminodiphenylmethane, 4, 4' -diaminodiphenyl ether, 
3,3'-diaminodiphenyl ether, 3, 4' -diaminodiphenyl ether, 
4, 4' -diaminobenzophenone, 3, 4' -diaminobenzophenone, 
bis (4-aminophenyl) sulfone, 

bis (4- (3-aminophenoxy) phenyl) sulf one, bis (3-aminophenyl) 
sulfide, bis (4-aminophenyl) sulfide, 

1 , 3-bis ( 4 - ( 4 -aminophenoxy ) -a, a-dimethy lbenzyl ) benzene , 
4, 4' -bis ( 3-aminophenoxy) biphenyl, 

2. 2 - bis ( 4 -aminophenoxyphenyl) propane, 

1. 3- bis (1- (4- (4-aminophenoxy) phenyl) -1-methylethyl) benzene, 
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1 4-bis(l-(4-(4-aminophenoxy) P henyl)-l-methylethyl)benzene, 
1 4-bis (1- (4- (3-aminophenoxy) phenyl) -1-methylethyl) benzene, 
2. 2-bis (3- (3-aminophenoxy) phenyl) -1, 1, 1, 3,3, 3-hexaf luoropro 
pane and 

2, 2-bis (3- (4-aminophenoxy) phenyl) -1,1,1,3,3, 3-hexaf luoropro 
pane - 

m the formula (12) . A represents a tetravalent organic 
group and specifically, for example, a tetravalent organic 
group selected from the group consisting of aliphatic groups 
having 2 to 27 carbon atoms, alicyclic groups, monocyclic 
aromatic groups, condensed polycyclic aromatic groups and 
non-condensed polycyclic aromatic groups in which aromatrc 
groups are connected with each other directly or through a 

crosslinking member. 

Also, there is no particular limitation on the 
tetracarboxylic dianhydride represented by the formula (12, . 
Polyimides having a variety of glass transition temperatures 
can be obtained using conventionally known tetracarboxylic 
dianhydrides. 

Specific examples of the tetracarboxylic dianhydride 
include pyromellitic dianhydride, 
3,3' ,4,4'-biphenyltetracarboxylic dianhydride, 

oxy-4, 4' -diphthalic dianhydride, 

2, 2-bis [4- (3, 4-dicarboxyphenoxy) phenyl] propane dianhydride, 
ethylene glycol bistrimellitic dianhydride and 
2, 2-bis (3, 4-dicarboxyphenyl) -1,1,1,3,3, 3-hexaf luoropropane 
dianhydride. Preferable examples include 
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2, 2' , 3, 3' -benzophenonetetracarboxylic dianhydride, 
3, 3' , 4, 4' -benzophenonetetracarboxylic dianhydride, 

1 . 2- bis ( 3 , 4-dicarboxybenzoyl ) benzene dianhydride , 

1. 3- bis (3, 4-dicarboxybenzoyl) benzene dianhydride, 

1 . 4- bis ( 3 , 4-dicarbixybenzoyl ) benzene dianhydride , 

2,2' -bis ( (3, 4-dicarboxy) phenoxy) benzophenone dianhydride, 
2, 3' -bis ( (3,4-dicarboxy)phenoxy)benzophenone dianhydride, 
2, 4' -bis ( (3, 4-dicarboxy) phenoxy) benzophenone dianhydride, 
3 , 3 ' -bis ( ( 3 , 4 -dicarboxy ) phenoxy) benzophenone dianhydride , 
3, 4' -bis ( (3, 4-dicarboxy) phenoxy) benzophenone dianhydride and 
4 , 4 ' -bis ( ( 3 , 4-dicarboxy) phenoxy) benzophenone dianhydride . 
These compounds may be used either singly or in combinations 

of two or more. 

As a method of producing the polyamic acid according to 
the present invention, methods capable of producing polyamides 
including known methods may all be applied. Among these methods, 
methods in which a reaction is run in an organic solvent are 
preferable. Examples of the solvent to be used in such a 
reaction include N, N-dimethylf ormamide, 
N,N-dimethylacet amide, N-methyl-2-pyrrolidone and 

1 , 2 -dimethoxye thane . 

The concentration of the reaction raw material in this 
reaction is usually from 2 to 50% by weight and preferably from 
10 to 50% by weight. The reaction temperature is usually 60°C 
or less and preferably 50°C or less. There is no particular 
limitation on the reaction pressure and the reaction can be run 
at normal pressure. Although the reaction time differs 
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depending on the type of reaction raw material, the type of 
solvent and the reaction temperature, usually the reaction time 
of from 0.5 to 24 hours is enough to complete the reaction. The 
polyamic acid represented by the formula (2) is produced by such 
a polymerization-condensation reaction. 

The polyimide represented by the formula (3) is obtained 
as follows: the above polyamic acid is imidized by heating at 
from 100 to 400°C or imidized chemically using an imidation 
agent such as acetic acid anhydride to obtain a polyimide having 
a repeat structural unit corresponding to the polyamic acid. 

Also, the creation of a polyamic acid and the thermal 
imidation reaction can proceeds simultaneously by running a 
reaction at from 130°C to 250°C, whereby the polyimide according 
to the present invention can be obtained. Specifically, a 
diamine component and a dianhydride component are suspended or 
dissolved in an organic solvent and reacted under a heating 
condition at from 130 to 250°C to undergo the creation of a 
polyamic acid and the dehydration imidation simultaneously, 
whereby the polyimide according to the present invention can 
be obtained. 

The resin composition for polyimide/metal laminate may 
contain another resin such as a polyethylene, a polypropylene, 
a polycarbonate, a polyarylate, a polyamide, a polysulfone, a 
polyether sulfone, a polyether ketone, a polyether ether ketone, 
a polyphenyl sulfide, a modified polyphenylene oxide group, a 
polyamidoimide, a polyether imide or an epoxy resin in an 
appropriate amount to the extent that the effect of the present 
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invention is not impaired. 

A film can be produced from the resin composition for 
polyimide/metal laminate of the present invention. There is 
no particular limitation to a method of the production of the 
film. Examples of the method include (i) a method in which a 
polyamic acid solution is coated on a substrate (a glass plate, 
metal plate or heat-resistant resin film) and then made into 
an imide compound by heating and (ii) a method in which a 
polyimide solution is coated on a substrate (a glass plate, 
metal plate or heat-resistant resin film) and then heated. 

Also, an adhesive insulation tape may be made using an 
adhesive layer composed of the above resin composition and a 
heat-resistant film. The adhesive insulation tape may be a 
single sided tape, in which the adhesive layer is formed on only 
one surface of the heat-resistant film, or a double-sided tape, 
in which the adhesive layers are formed on the both surfaces 
of the heat-resistant film. The tapes may contain other 
optional layers besides the adhesive layer (s) and the 
heat-resistant film. 

Also, when an adhesive insulation tape is produced from 
the polyimide metal laminate resin composition of the present 
invention, a solution containing the aforementioned resin 
composition may be coated on one surface or both surfaces of 
a heat-resistant film and dried. The thickness of the 
composition after the coating step in the process above is from 
0.5 to 100 pm and preferably from 1 to 30 urn. 

Examples of the heat-resistant film include films of 
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heat-resistant resins such as a polyimide, a polyphenylene 
sulfide, a polyether, a polyether ketone, a polyether ether 
ketone and a polyethylene terephthalate ahd complex 
heat-resistant films such as epoxy resin-glass cloth and a 
epoxy resin-polyimide-glass cloth. Particularly, films made 
of polyimide resins are preferable from the viewpoint of heat 
resistance and dimensional stability. The thickness of the 
heat-resistant film is preferably from 5 to 130 um and more 
preferably from 12.5 to 75 \im. 

The metal laminate of the present invention may be 
prepared by forming a resin composition formulated with the 
aforementioned bismaleimide compound on at least one surface 
of a metal foil. The following is a specific example of the 
production method of the metal laminate: a "varnish containing 
a thermoplastic polyimide or a polyamic acid which is a 
precursor of the thermoplastic polyimide, in which the 
bismaleimide compound represented by the formula (1) is 
compounded, is coated on a non-thermoplastic polyimide film, 
dried and cured to form a thermoplastic polyimide layer, and 
then the surface of the metal is thermocompression-bonded on 
the surface of the thermoplastic polyamide layer to form the 
laminate . 

In the metal laminate of the present invention, an 
adhesive layer composed of the aforementioned resin 
composition and a metal foil are essential components. A Single 
or plural adhesive layers or non-adhesive layers composed of 
other resin compositions may further exist as intermediate 
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layers between the adhesive layer and the metal foil. 

Also, the metal laminate of the present invention may 
contain the resin composition comprising the bismaleimide 
compound represented by the formula (1) in any one layer of the 
laminate and also may has plural layers of the resin composition 
comprising the aforementioned compound. 

In one example of the method for producing the metal 
laminate of the present invention, a solution containing the 
aforementioned resin composition is be coated on a metal foil 
and dried. In this method, the thickness of the composition 
after the coating is preferably in the range of from 0 . 5 to 100 
Um. If the thickness is less than 0 . 5 urn, sufficient 
adhesiveness can not be obtained in some cases. If the thickness 
exceeds 100 urn, the adhesiveness is not much improved in some 
cases . 

As to the type of metal foil, all known metal foils and 
alloy foils may be used. However, rolled copper foils, 
electrolytic copper foils, copper alloy foils and stainless 
foils are preferable from the viewpoint of cost, heat 
conductivity and rigidity. As to the thickness of the metal 
foil, a metal foil having a thickness of from 2 to 150 \im may 
be utilized and the thickness is preferably is in the range of 
from 2 to 105 um, though no particular limitation is imposed 
on the thickness as far as it is thick enough to use the metal 

foil in a tape form. 

It is more preferable that the metal laminate of the 
present invention have a structure in which a polyimide layer 



22 



is formed on one surface or both surfaces of one or more 
polyimide films and a metal is laminated on one surface or both 
surfaces of the polyimide layer, wherein the polyimide layer 
comprises a resin composition containing a bismaleimide 
compound represented by the formula (1) . 

As the polyimide film, a non-thermoplastic polyimide 
film is preferable and, specifically, a film comprising a 
composition synthesized from a specific diamine and a specific 
tetracarboxylic dianhydride may be used. Examples of the 
specific diamine include o-phenylenediamine, 
p-phenylenediamine , m-phenylenediamine , 4,4' -diaminopheny 1 
ether, 3, 4 ' -diaminodiphenyl ether and 3 , 3' -diaminodiphenyl 
ether. These diamines may be used either singly or in 
combinations of two or more. 

Examples of the specific tetracarboxylic dianhydride 
include a pyromellitic dianhydride, 
3, 3' , 4, 4' -biphenyltetracarboxylic dianhydride and 
2, 2' , 3, 3' -biphenyltetracarboxylic dianhydride. These 
tetracarboxylic dianhydrides may be used either singly or in 
combinations of two or more. 

Also, as the non-thermoplastic polyimide film, 
commercially available non-thermoplastic polyimide films may 
be used. Examples of these commercially available 
non-thermoplastic polyimide films include UPILEX (trademark) 
S, UPILEX (trademark) SGA and UPILEX (trademark) SN (product 
name, manufactured by Ube Industries, Ltd.), KAPTON 
(trademark) H, KAPTON (trademark) V and KAPTON (trademark) EN 
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(product name, manufactured by Toray Du Pont Co. , Ltd. ) , APICAL 
(trademark) AH, APICAL (trademark) NPI and APICAL (trademark) 
HP (products name, manufactured by Kanegafuchi Chemical 
Industry Co., Ltd.). The surface of the non-thermoplastic 
resin film may be processed by plasma treatment, corona 
discharge treatment or the like. 

As the thickness of the non-thermoplastic polyimide 
layer, a thickness in the range of from 5 to 250 pm is preferable, 
though no particular limitation is imposed on the thickness, 
which varies depending on the object. 

Furthermore, a non-thermoplastic polyimide having a 
different structure may be laminated on the side, on which the 
thermoplastic polyimide layer has not been laminated, of the 
commercially available non-thermoplastic polyimide film. 

Also, in the present invention, a peelable protective 
film, a carrier film or a carrier metal foil may be present on 
the polyimide film, the adhesive insulation tape or the 
adhesive layer of the metal laminate. Examples of materials 
for the protective film or the carrier film include 
polyethylene, polyethylene terephthalate and polypropylene. 
Examples of the carrier metal foil include a rolled copper foil, 
an electrolytic copper foil, a copper alloy foil and a stainless 
foil. The thickness of the peelable film is in the range of 
from 1 to 200 ^m and preferably from 10 to 100 urn. Also, the 
90° peel strength of the peelable film to the adhesive layer 
is preferably in the range of from 0.01 to 10 kN/m. 

The polyimide metal laminate provided by the present 
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invention has such a conspicuous effect that it has high solder 
heat resistance. Conventional resins using bismaleimide have 
been known as heat-resistant resins. However, this heat 
resistance means high heat-decomposition temperature and has 
no direct relationship with solder heat resistance. To state 
in more detail, as is seen in the prior art, the 5% weight loss 
temperature of a resin obtained from bismaleimide and a diamine 
is about 400°C, whereas the 5% weight loss temperature of a 
polyimide, even if it is a thermoplastic polyimide, is about 
500°C and therefore has high heat resistance. However, the 
solder heat resistance of a metal laminate using a 
conventionally used thermoplastic polyimide is 260°C or less 
at most and such a metal laminate has come to be unable to cope 
with the recent trend to higher working temperatures. As the 
measures taken for this, a trial has been made to use a 
thermoplastic polyimide having a high glass transition 
temperature. However, the temperature required for laminating 
the thermoplastic polyimide with a metal foil increases, giving 
rise to, for example, the problems that satisfactory adhesive 
strength is not achieved in conventional processes and also the 
thermoplastic polyimide can not completely fill in unevenness 
on the surface of the metal foil, causing the generation of 
defects called voids. In the present invention, by mixing 
bismaleimide with a polyimide, the glass transition 
temperature is lowered, thereby making the lamination with a 
metal easy and also making it possible to further improve the 
solder heat resistance by about 20°C or more from those of 
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conventional techniques. 

EXAMPLES 

The present invention will be explained in more detail 
by way of examples, which however, are not limiting the present 
invention . 

The properties of polyimides in the examples were 
measured according to the following methods. 

Glass transition temperature (Tg) : measured at a 
temperature-rise rate of 10°C /min using a differential 
scanning calorimeter (DSC3110, manufactured by Mac Science Co. , 
Ltd. ) . 

In the case where Tg was not determined by means of a DSC 
method, it was determined from the peak of a loss elastic 
modulus (E") obtained using a solid viscoelasticity-measuring 
device RSAII (manufactured by Rheometrics Scientific, Inc.) at 
a frequency of 1 Hz and a temperature rise rate of 5°C /min. 

90° peel strength: measured according to IPC-TM-650 
method 2.4.9. 

Also, a solder heat-resistance test in the examples was 
carried out according to IPC-TM-650 method 2. 4. 13. (Defined 
by the Institute for Interconnecting and Packaging Electronic 
Circuits) The test was made at solder temperatures of 240°C, 
260°C, 280°C, 300°C, 320°C and 340°C to define a solder 
heat-resistant temperature. The highest temperature at which 
swelling and discoloration of the interface between a metal and 
a polyimide did not occur was determined as the solder 



26 



heat-resistant temperature. As the samples, those conditioned 
(kept) at a temperature of 85°C and a relative humidity of 85% 
for 50 hours were used. 
EXAMPLE 1 

A container equipped with a stirrer and a 
nitrogen-introducing pipe was charged with 12.00 g of 
1, 3-bis (3-aminophenoxy) benzene, 15.94 g of 
l,3-bis(3-maleimidophenoxy) benzene and 4 8.70 g of 
N,N-dimethylacetamide and the mixture was stirred at 50°C for 
one hour in a nitrogen atmosphere. Then, the system temperature 
was cooled to ambient temperature, 11.90 g of 
3,3' ,4,4'-benzophenonetetracarboxylic dianhydride was added 
stepwise with securing the solution from a sudden temperature 
rise, and then the system temperature was heated again to 50°C, 
followed by stirring for 4 hours. 

A part of the polyamic acid solution containing the 
bismaleimide compound was taken, cast on a glass plate and then 
heated from 50°C to 270°C at a temperature rise rate of 7°C /min 
to obtain a film having the thickness of 20 urn. The glass 
transition temperature (Tg) of the obtained polyimide film was 
106°C. 

Also, another part of the polyamic acid solution 
containing the bismaleimide compound was cast on a copper foil 
(SLP-35, manufactured by Nippon Electrolysis Co., Ltd., 
thickness: 35 pm) and heated from 50°C to 270°C at a temperature 
rise rate of 7°C /min to obtain a metal laminate having a 
polyimide thickness of 12 pm. 
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In order to evaluate low-temperature adhesiveness, this 
metal laminate was thermocompression-bonded to a copper foil 
(SLP-35, manufactured by Nippon Electrolysis Co., Ltd., 
thickness: 35 Mm) using a pulse bonder (TC-1320UD, manufactured 
by Kell Co. , Ltd. ) in the condition of 190°C, 3 MPa and 2 seconds. 
Using the obtained test pieces, a peel test was made according 
to an IPC-TM-650 method 2.4.9. The adhesive strength was 1.6 
kN/m. 

EXAMPLES 2 TO 4 

The same procedures as in Example 1 as to polymerization, 
formulation and evaluation were conducted except that the type 
and amount of the diamine compound or the bismaleimide compound 
were altered. The types, the amounts and the results are shown 
together in Table 1. 

1, 3-bis (3- (3-aminophenoxy) phenoxy) benzene, 
1, 3-bis (3- (3- (3-aminophenoxy) phenoxy ) phenoxy) benzene and 
1 , 3-bis ( 3- ( 3-maleimidophenoxy ) phenoxy) benzene were 
identified using 1 H-NMR and FD-mass. 

1, 3-bis (3- (3-aminophenoxy) phenoxy) benzene: 1 H-NMR 
(CD3SOCD3) 5: 5.24(s, 4H) , 6 . 12-6 . 16 (ddd, 2H, J = 7.83, 2.43, 
0.82 Hz), 6.23(t, 2H, J = 2.30Hz), 6 . 33-6 . 37 (ddd, 2H, J=7.83, 
2.43 0.82 Hz), 6.61(t, 2H, J = 2.43 Hz), 6.67(t, 1H, J = 2.43 
Hz), 6.71-6.80(m, 6H) , 6.99(t, 2H, J =7.83 Hz), 7.35(t, 2H, 
J = 7.83 Hz), 7.38(t, 1H, J = 7.83 Hz) FD-mass 476(M+) 

1 , 3-bis ( 3- ( 3- ( 3-aminophenoxy) phenoxy) phenoxy) benzene : 
X H-NMR (CD3SOCD3) 8: 5.21(s, 4H) , 6 . 11-6 . 12 (ddd, 2H, J = 7.83, 
2.16, 0.81 Hz), 6.21(t, 8H, J = 2.16 Hz), 6 . 31-6 . 36 (ddd, 2H, 
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J = 7.83, 2.16 0.81 Hz), 6.67-6.82(m, 13H) , 6.98(t, 8H, J = 8.10 
Hz), 7.31-7.42 (m, 5H) FD-mass 660 (M+) 

1, 3-bis (3- (3-maleimidophenoxy)phenoxy) benzene: X H-NMR 
(CDC13) 8: 6.72(t, 3H, J = 2.30Hz), 6 . 79-6 . 83 (dd, 6H, J=7.83, 
2.43 Hz), 7.05-7.08(m, 5H) , 7 . 12-7 . 16 (m, 5H) , 7 . 34-7 . 51 (m, 5H) 
FD-mass 636 (M+) 
EXAMPLE 5 

A container equipped with a stirrer and a 
nitrogen-introducing pipe was charged with 855 g of 
N,N-dimethylacetamide as a solvent, to which was then added 
69.16 g of 1, 3-bis (3-aminophenoxy) benzene. The mixture was 
stirred at ambient temperature until it was dissolved. 
Thereafter, 75.84 g of 3, 3' , 4 , 4' -benzophenonetetracarboxylic 
dianhydride was added to the solution and the obtained mixture 
was stirred at 60°C to obtain a polyamic acid solution, in which 
the content of polyamic acid was 15% by weight. 48.3 g of 
1, 3-bis (3-maleimidophenoxy) benzene was added to a part (500 g) 
of the obtained varnish and the mixture was stirred at ambient 
temperature for 2 hours. 

Using a commercially available polyimide resin film 
(product name: KAPTON (trademark) 150EN, manufactured by Toray 
Du Pont Co., Ltd.), a part of the bismaleimide 
compound-containing polyamic acid solution obtained in the 
above method was coated on the film using a roll coater such 
that the thickness after drying was 2 urn and dried at 115°C for 
2 minutes, at 150°C for 2 minutes, at 180°C for 2 minutes, at 
240°C for 2 minutes and at 265°C for 2 minutes in an air-float 
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system drier to obtain an insulating film having a layer of 
thermoplastic polyimide resin on one side.. Thereafter, a metal 
foil and the insulating film were laminated on a commercially 
available electrolytic copper foil (FO-WS, manufactured by 
Furukawa Circuit Foil Co., Ltd., 9 urn) using a roll laminator 
at 240°C under a pressure of 1.5 MPa. Then, the resulting 
product was annealed at 280°C for 4 hours in a nitrogen 
atmosphere using a batch type autoclave to obtain a polyimide 
metal laminate. The solder heat-resistant temperature of the 
obtained polyimide metal laminate was 32 0°C. Also, in order 
to confirm whether voids were present on the interface between 
the copper foil and the polyimide or not, both the section of 
the interface and a surface of the polyimide from which the 
copper foil had been removed by means of etching were observed 
at a magnification of 1,250. No voids were observed. 

EXAMPLES 6 to 13 

The same procedures as in Example 5 as to polymerization, 
formulation, lamination and evaluation were conducted except 
that the type and amount of the diamine, dianhydride and 
bismaleimide compound were altered. The types, amounts and 
results are shown together in Table 2. Voids on the interface 
between the copper foil and the polyimide were not observed in 
all the samples. 
EXAMPLE 14 

A container eguipped with a stirrer and a 
nitrogen-introducing pipe was charged with 

N,N-dimethylacetamide as a solvent such that the content of 



30 



polyamic acid was 15% by weight, to which were then added 
p-phenylenediamine and 3 , 4-oxydianiline in ratios of 30 mol% 
and 70 mol% respectively. The mixture was stirred at ambient 
temperature until it was dissolved. Thereafter, 
3,3' ,4,4'-benzophenonetetracarboxylic dianhydride was added 
to the solution in an amount of 0.985 mol when the total mol 
of the diamine was 1 and the resulting mixture was stirred at 
60°C to obtain a polyamic acid solution. 

l,3-bis(3-maleimidophenoxy) benzene was added to the resulting 
varnish in an amount of 40 wt% to the polyamic acid and the 
mixture was stirred at ambient temperature for 2 hours. 

A part of the obtained polyamic acid solution containing 
the bismaleimide compound was taken and cast on a glass plate 
and heated from 50°C to 270°C at a temperature rise rate of 7°C 
/min to obtain a film having the thickness of 20 urn. The glass 
transition temperature (Tg) of the obtained polyimide film was 
220°C. 

Also, using a commercially available polyimide resin 
film (product name: KAPTON (trademark) 150EN, manufactured by 
Toray Du Pont Co., Ltd.), another part of the obtained 
bismaleimide compound-containing polyamic acid solution was 
coated on the film using an applicator such that the thickness 
after drying was 2 urn and dried at a temperature rise rate of 
7°C /min in a temperature range from 50°C to 270°C to obtain an 
insulating film having a layer of thermoplastic polyimide resin 
on one side. Thereafter, the insulating film was laminated on 
a commercially available electrolytic copper foil (FO-WS, 
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manufactured by Furukawa Circuit Foil Co. , Ltd. , 9 pm) and dried 
at 130°C for about one hour, followed by pressing at 300°C under 
a pressure of 2 . 5 MPa for 4 hours to adhere the copper foil to 
the insulating film, thereby obtaining a polyimide/metal 
laminate. No void was observed on the interface between the 
copper foil and the polyimide. Also, a peeling test was made 
and as a result, the peel strength was 0.85 kN/m. 
EXAMPLES 15 and 16 

The same procedures as in Example 14 as to polymerization, 
formulation, lamination and evaluation were conducted except 
that the type and amount of the diamine, dianhydride and 
bismaleimide were altered. The results are shown together in 
Table 3. No void was observed on the interface between the 
copper foil and the polyimide in all samples. 
COMPARATIVE EXAMPLE 1 

The same procedures as in Example 1 as to polymerization, 
formulation and evaluation were conducted except that the 
bismaleimide compound was not compounded. The types, the 
amounts and the results are shown together in Table 1. The peel 
strength was 0 kN/m, which means the copper foil and the 
polyimide were not bonded with each other at all. 
COMPARATIVE EXAMPLE 2 

A container equipped with a stirrer and a 
nitrogen-introducing pipe was charged with 855 g of 
N,N-dimethylacetamide as a solvent, to which was then added 
69.16 g of 1, 3-bis ( 3-aminophenoxy ) benzene. The mixture was 
stirred at ambient temperature until it was dissolved. 
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Thereafter, 75.84 g of 3, 3' , 4 , 4 ' -benzophenonetetracarboxylic 
dianhydride was added to the solution and the resultant mixture 
was stirred at 60°C to obtain a polyamic acid solution, in which 
the content of polyamic acid was 15% by weight. 

Using a commercially available polyimide resin film 
(product name: KAPTON (trademark) 150EN, manufactured by Toray 
Du Pont Co., Ltd.), a part of the obtained bismaleimide 
compound-containing polyamic acid solution was coated on the 
film using a roll coater such that the thickness after drying 
was 2 |im, and dried at 115°C for 2 minutes, at 150°C for 2 minutes, 
at 180°C for 2 minutes, at 240°C for 2 minutes and at 265°C for 
2 minutes in an air-float system drier to obtain an insulating 
film having a layer of thermoplastic polyimide resin on one side . 
Thereafter, a metal foil and the insulating film were coated 
on the commercially available electrolytic copper foil that was 
used in Example 5 using a roll laminator at 240°C under a 
pressure of 1.5 MPa. Then, the obtained product was annealed 
at 280°C for 4 hours in a nitrogen atmosphere using a batch type 
autoclave to obtain a polyimide/metal laminate. The solder 
heat-resistant temperature of the obtained polyimide metal 
laminate was 260°C. Also, voids having the sizes of from about 
several pm to tens of jxm were observed on the interface between 
the copper foil and the polyimide. 
COMPARATIVE EXAMPLES 3 to 5 

The same procedures as in Examples 14, 15 and 16 as to 
polymerization, formulation and evaluation were conducted 
except that the bismaleimide compound was not compounded. The 
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results are shown together in 
0 kN/m, which means the copper 
bonded with each other at all, 
voids could not be made. 



Table 3. The peel strength was 
foil and the polyimide were not 
and therefore the evaluation of 
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[Table 1] 





Diamine 
compound* 1 


dianhydride*2 


Bismaleimide 
compound* 3 


Tg (DSC 
method) 


Peel 
strength 


Unit 


mol 


mol 


wt% 


°C 


kN/m 


Example 1 


APB 
0.0410 


BTDA 
0.0369 


APB-BMI 

, 40 


106 


1.6 


Example 2 


APB5 
0.0329 


BTDA 
0.0312 


APB-BMI • 
20 


116 


2.4 


Example 3 


APB5 
0.0329 


BTDA 
0.0313 


APB-BMI 
15 


125 


1.6 


Example 4 


APB7 
0.0200 


BTDA 
0.0190 


APB-BMI 
10 


115 


2.2 


Comparative 
Example 1 


APB 
0.0410 


BTDA 
0.0369 




195 


0 



[Table 2] 





Diamine 
compound* 1 


dianhydride*2 


Bismaleimide 
compound* 3 


Solder 
heat 
resistance 


mol 


mol 


wt% 


°C 


Example 5 


APB 
0.2366 


BTDA 
0.2354 


APB-BMI 
25 


320 


Example 6 


APB 
0.2366 


BPDA 
0.2354 


APB-BMI 
20 


300 


Example 7 


DAPB 
0.2366 


BTDA 
0.2354 


APB-BMI 
40 


350 


Example 8 


m-BP 
0.2366 


PMDA 
0.2354 


APB-BMI 
40 


350 


Example 9 


APB5 
0.2366 


BTDA 
0.2354 


APB-BMI 
20 


320 


Example 10 


ODA 
0.2366 


BTDA 
0.2354 


APB-BMI 
40 


360 


Example 11 


APB 
0.2366 


BTDA 
0.2354 


BMI-MP 

25 


350 


Example 12 


APB 
0.2366 


BTDA 
0.2354 


BMI-S 
25 


350 


Example 13 


DABP 
0.2366 


ODPA 
0.2354 


BMI-S 
10 


! 320 


Comparative 
Example 2 


APB 
0.2366 


BTDA 
0.2354 




260 
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Liaoxe jj 


Diamine 
compound* 1 


dianhydride*2 


r 

Bismaleimide 
compound* 3 


rg (solid 
visco-el 

astic 
method) 


Peel 
strength 




mol 


mol 


wt% 


°C 


kN/m 


Example 14 


3, 4' -ODA 
(70 mol%) 
0.0150 

PPD 
(30mol%) 
0.0064 


BTDA 
0.0211 


APB-BMI 
40 


220 


0.85 


Comparative 
Example 3 


3,4' -ODA 
(70 moll) 
0.0150 

PPD 
(30mol%) 
0.0064 


BTDA 
0.0211 


— 


290 


0 


Example 15 


ODA 
(70 moll) 
0.0150 

m-BP 
(30mol%) 
0.0064 


PMDA 
0.0211 


APB-BMI 
40 


260 


0.7 


Comparative 
Example 4 


ODA 
(70 mol%) 
0.0150 

m-BP 
(30mol%) 
0.0064 


PMDA 
0.0211 




340 


0 


Example 16 


ODA 

0.0150 

PPD 
(30mol%) 
0.0064 


PMDA 
(50 mol%) 
0.0105 

BPDA 
(50mol%) 
0.0105 


APB-BMI 
40 


242 


0.6 


Comparative 
Example 5 


ODA 
(70 mol%) 
0.0150 

PPD 
(30mol%) 
0.0064 


PMDA 
(50 mol%) 
0.0105 

BPDA 
(50mol%) 
0.0105 




320 


0 
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Note*l) 

APB : 1 , 3-bis (3-aminophenoxy) benzene 

APB5: 1, 3-bis (3- ( 3-aminophenoxy) phenoxy) benzene 

APB7 : 1 , 3-bis ( 3- ( 3- (3-aminophenoxy) phenoxy) phenoxy) benzene 

DABP : 3,3' -diaminobenzophenone 

m-BP : 4 , 4 ' - ( 3-aminophenoxy) biphenyl 

ODA: 4, 4' -oxydianiline (4,4' -diaminodiphenyl ether) 

3,4' -ODA: 3 , 4 ' -oxydianiline ( 3 , 4' -diaminodiphenyl ether) 

PPD: p-phenylenediamine 

*2) 

BTDA: 3, 3' , 4, 4' -benzophenonetetracarboxylic dianhydride 

BPDA: 3, 3' , 4, 4 ' -biphenyltetracarboxylic dianhydride 

ODPA: 3, 3' , 4, 4' -diphenyl ether tetracarboxylic dianhydride 

PMDA: Pyromellitic anhydride 

*3) 

APB-BMI : 1 , 3-bis ( 3-maleimidephenoxy ) benzene 

APB5-BMI: 1, 3-bis (3- ( 3-maleimidephenoxy ) phenoxy) benzene 

BMI-MP: N, N' -m-phenylenebismaleimide 

BMI-S: Bis ( 4 -maleimidephenyl ) methane 

The resin composition of the present invention is 
superior in low-temperature adhesiveness due to the effect of 
decreasing Tg and may be preferably used, for example, as 
heat-resistant adhesives for use in the field of electronics. 

Also, according to the present invention, no void remains 
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on the interface between a metal and polyimide and a laminate 
having high adhesive strength is obtained without applying a 
high processing temperature. Also, a polyimide metal laminate, 
which hardly generates swelling even in a step of packaging LSI 
chips and parts or in their repairing step and is superior in 
solder heat resistance in spite of the severe working 
temperature conditions in these steps, can be provided. 
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